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This project focuses on mentoring children to help reduce marine debris in their local 
river by implementing one of ten lessons from an inquiry-based Riverology curriculum to 
empower youth voice, increase geo-literacy, and spatial thinking. Eighteen participants aged 
seven and eight, piloted Riverology Lesson 2: What Do I Know or Imagine about the Elizabeth 
River? that includes six steps: inquire, visualize, draw, share, act, and reflect. The children were 
asked to make drawings before and after viewing an Elizabeth River Story Map presentation 
(Dunbar, 2021a). The drawings were then compared to see if the participants included marine 
debris, stewardship solutions, and a mental map of the river with branches. This study addresses 
four questions 1.) Why should we teach youth about rivers? 2.) How can creating art and stories 
serve as a communication tool for students to share their ideas? 3.) How can visualization 
activities be utilized to connect youth to their local rivers? 4.) What barriers do students face on 
their journey to act and participate in the public sphere? Scholars, such as Jürgen Habermas 
(1974), Sibel Ozsoy and Berat Ahi (2014), Tom Cockburn (2019), Lynda Barry (2019), and 
Millie Kerr (2016) have advocated for a citizen democracy fueled by youth participation in the 
arts. Some of these efforts have been applied to environmental conservation, but no such inquiry-
based effort has been undertaken to address the stewardship of the Elizabeth River in Virginia. 
The scale of the marine debris issue sometimes creates the impression that local actions are 
futile, but research shows people using their own expertise and knowledge as stewards is a driver 
 
for change (N. Bennett, et al., 2017). To foster river stewards these young participants completed 
Riverology Lesson 2 and although none of their pre- drawings included marine debris or 
stewardship actions, 83% of the post- drawings did. In addition, only 11% drew a mental map of 
the river in their pre- drawings, but 44% did after viewing maps and images. An unexpected 
finding showed none of the drawings included people and this may relate to youth empowerment 
issues, the inquiry question wording, or COVID-19 isolation. 
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The Elizabeth River in southeast Virginia became one of the most polluted rivers of the 
Chesapeake Bay for many reasons including a growing population, industrial accidents, loss of 
wetlands and runoff. The brackish six-mile tidal estuary runs through the cities of Norfolk, 
Portsmouth, Chesapeake, and Virginia Beach. The watershed population is about 500,000 and 
includes the world’s largest military naval base, the oldest working shipyard and a world-class 
port (Census.gov). In 1983, the Environmental Protection Agency indicated that the Elizabeth 
River was one of the most highly polluted bodies of water in the entire Chesapeake Bay 
watershed (Norfolk.gov). In addition, the Elizabeth River is experiencing one of the nation’s 
highest sea level rises – second to New Orleans according to the World Resources Institute 
(Tompkins, 2014).  
“Unfortunately, the Elizabeth River is also experiencing frequent high tide flooding even 
on days without rain,” explains Derek Loftis, Assistant Research Scientist at the Virginia 
Institute of Marine Science (Loftis, 2020). With low-lying areas and proximity to coastal 
waterways, flooding continues to impact the river’s watershed communities. Nicole LeBoeuf, 
acting director of NOAA’s National Ocean Service says the flooding is only going to 
increase in the future (NOAA.gov). With flooding comes runoff, litter, and debris that travels 
from the land and through storm drains that empty into the river. Debris and litter even impact 
students enroute to school as they slush through the muddy debris flood waters that cover streets, 
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parking lots and sidewalks. When the tide recedes, rubbish goes with it especially if the shoreline 
is void of dense wetlands and native grasses. Floating debris can affect water quality, wildlife 
that lives in and around the river, and can also hinder navigable waterways. Margaret 
Mulholland, a biological oceanographer at Old Dominion University says the types of debris she 
has seen flowing into the Elizabeth River includes tossed away food containers, oil cans, dirty 
diapers and pet waste (Mulholland, 2019).  
Throughout the COVID-19 pandemic, the litter and debris appeared to be increasing in 
the Elizabeth River’s watershed, especially single-used items. Time Magazine’s March 2021 
issue stated, “Norfolk, Virginia is seeing historic highs in litter and illegal dumping” (Semuels, 
2021). Virginia’s 2016 Marine Debris Reduction Plan states, “While methods of determining 
abundance of marine debris vary, there is agreement that up to seventy-five percent is made up 
of plastics” (K. Register, and L. McKay, 2016).  
Plastic pollution is a global problem that we are all facing, and it is found in our 
waterways, the food we eat, and the water we drink. Oceanographer Laurent Lebreton 
estimates that between 1.15 and 2.41 million tons of plastic flow from the global riverine system 
into the ocean each year (Lebreton, 2017). All ages need to take action and find a solution 
to the plastic pollution and it begins with the choices we make as consumers and 
producers.  
One way children can help is not influencing families to buy so many plastic toys 
since studies show 90% of all toys world-wide are made of plastic materials (Green Chemistry 
Sustainability, 2020). Various toys are often seen in volunteer river cleanups such as balls, 
frisbees, whistles, balloons, and Legos. These toys could have a new role helping youth to make 
a connection to how their choices could impact the health of a river. One way would be through 
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inquiry lessons that ask how these toys ended up in the river, how far they traveled and what can 
youth do to help. Rivers carry trash over long distances and connect nearly all the land surfaces 
with the oceans “making rivers a battleground in the fight against sea pollution,” explains 
Christian Schmidt, a hydrogeologist at the Helmholtz Center for Environmental Research in 
Leipzig, Germany (Patel, 2018). Inquiry-based learning provides youth an opportunity to explore 
ideas while making sense of the world around them (Gholam, 2019). 
There are about 125,000 students of all ages in the Elizabeth River watershed with 7,500 
in the second grade that are aged seven and eight (Census.gov). Schools in the Elizabeth River 
watershed do not teach about the river, and it is not included in the curriculum standards 
(Virginia Department of Education). Youth need to have the tools, confidence, and knowledge as 
they problem solve and inherit this challenged river. Even the youngest children can contribute 
meaningfully to their communities with their ideas, but they need to be invited to the table 
(Fredericks, 2001).  
It could be empowering to youth to be a part of helping adults with a polluted river and it 
may lead to a deeper self-belief in their ability to create change (Kirby, 2003). University of 
Colorado’s professor Louise Chawla’s research shows adults mentoring youth to value nature 
can result in a generation of lifelong environmental stewards (Chawla, 1999). Mentors such as 
teachers, scientists, grandparents, and community leaders, can share stories of ways they 








 Riverology aims to inform children about the state of the Elizabeth River and to promote 
good stewardship in our area’s youth. As such, I have chosen to engage with students through 
the medium of drawing and storytelling. To better understand what eighteen students, aged seven 
to eight, are imagining about their river, a draw and explain method provides them an 
opportunity to communicate their thoughts and ideas. Drawing can help children make their 
ideas visible (Brooks, 2009), and storytelling in science can be a tool to promote inquiry skills 
that are essential to prepare children to deal with new challenges (Gatt, 2012). This Riverology 
study includes implementing an inquiry activity to learn how the participants envision their 
home river, whether they perceive the river to be challenged with marine debris and if they 
understand stewardship actions that could help. The International Review Board approved this 
Riverology study with youth and the required Human and Social Behavioral training was 
completed prior to implementing (See Appendix B and C).  
 An inquiry based Riverology curriculum was developed (See Appendix A) and includes 
ten lessons (Dunbar, 2021b). Although educators are encouraged to focus on their local river, the 
Riverology curriculum showcases the Elizabeth River in Virginia as a teaching model. Eighteen 
second grade participants piloted one of the ten lessons – Lesson Two: What Do You Know About 













   Each Riverology lesson includes six steps that begin with an inquiry question about an 
aspect of their local river. This inquiry method allows students to seek information by 
questioning. Students begin by closing their eyes and pondering possible answers to the inquiry 
question. Next, students draw what they are thinking and share with the educator. The educator 
then presents a story that complements the inquiry question followed by students once again 
closing their eyes and drawing and explaining their thoughts. The final step asks students to 
reflect on what they learned and celebrate their achievements. Teachers analyze the pre- and 
post- drawings utilizing a template of coded criteria to see what the students learned.   
 This Riverology six-step method is modeled after National Geographic’s Geo-Inquiry 
Activity, but with modifications that include elementary students, a river and marine debris 
focus, visualization, story maps, pre- and post- drawings and river stewardship (See Table 2). 
The students’ pre- and post- drawings are analyzed to measure the percentage that a.) depict a 
polluted river with marine debris, b.) include stewardship actions that would improve marine 
debris challenges and c.) include a mental map of the river with branches like a tree. 
 
Lesson 1 What Does Earth Look Like?   
Lesson 2 What Do You Know About Your River?   
Lesson 3 What’s a Flying Bird’s View of Your River? 
Lesson 4 What is on the Bottom of the River?   
Lesson 5 How Does Pollution Get in the River? 
Lesson 6 What Does the River Look Like After a Storm? 
Lesson 7 What Does Sea Level Rise Look Like?   
Lesson 8 What Do River Plants and Animals Look Like?  
Lesson 9 What Does a River Superhero Look Like and Do? 
Lesson 10 What Will Your River Look Like in the Future?   













Inquiry question provided. 
 
Students develop an inquiry question 




Students are quiet, close their 
eyes, think, ponder, and imagine. 
 
Students utilize maps to organize their 




Teachers gather information for 
stories. Students draw a picture 
about what they are thinking. 
 
Students conduct research and choose 





Teachers present a story and 
information about rivers and 
students share their drawings. 
 
Students have dialogues with their 
teachers and teams and discuss how to 





Stewardship actions are 
recommended that relate to 
creating a healthy river. 
 
Students share their ideas with an 






Students are given time to think 
about what they learned and will 
do to help their home river and 
then celebrate their achievements 
with a menu of options.  
 
This phase is called an Assessment and 
students answer prompts and then discuss 
as a class what they liked and would 
change. 
Table 2. Comparing the Riverology Inquiry Process to National Geographic’s Geo-Inquiry 
Process 
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 Story maps are web applications and communication tools that educators, scientists, and 
others can create stories with interactive maps, text, tables, images and more. Story maps can be 
an effective teaching tool in science education, a way to consolidate a lot of information and 
content in an organized format and has the potential to enrich spatial thinking and geo-literacy 
(Cope, 2018). ESRI provides a free tool for users to create story maps by combining ArcGIS and 
their chosen content and then publish privately, public with accessibility by laptops, tablets, and 
smartphones. Internet is necessary to view the story maps. Although story maps are not required 
in all the Riverology lessons, an Elizabeth River Story Map was created and utilized in this study 
and instructions on how to create them are included in the curriculum. Below are the user-





1 In the web browser the researcher typed “story maps for ArcGIS”. 
2 Clicked “New Story from Scratch”. 
3 Created a title, The Elizabeth River.   
4 Clicked the “add” button to attach images, maps, videos, and a slide show. 
5 Once completed, the Elizabeth River Story Map was published for the public to access. 
6 The Story Map included a brief overview of the Elizabeth River to enrich the students’ post- 
drawings, complement the inquiry question and included information that helped to answer 
the following questions: 
• What percentage of drawings depicted a polluted river with marine debris versus a 
river without marine debris? 
• What percentage of drawings included key features representing solutions or 
stewardship that would improve marine debris and litter challenges? 
• What percentage of drawings included a mental map of the river looking like a tree 
limb with branches?  






TEACHING YOUTH ABOUT LOCAL RIVERS WITH INQUIRY 
 
As seen in Fig. 1, children may think of Earth as a blue marble since bodies of water play 
an important role in their mental models of their environment (Vins, 2014). Rivers connect most 
of the global land surface to the marine environment (Schmidt, 2017) and are the circulatory 
system of the continents, drain nearly seventy-five percent of the earth’s land surface, and 
provide excellent habitat and food for many of earth’s organisms (AmericanRivers.org).  
When children learn about river science it cannot be just about understanding concepts, it 
must also be about exploration and having the opportunity to inquire, participate, and develop a 






Fig. 1. NASA Blue Marble: “Behold one of the more stunningly detailed images of the Earth 
yet created. This Blue Marble Earth montage, created from photographs taken by the VIIRS 





Harlen of the University of Bristol notes it is important for children to deepen their 
understanding through inquiry science activities and educators need to understand how to 
incorporate inquiry into their classroom lessons (Harlen, 2013). Inquiry also provides an 
opportunity for students to take more responsibility for their learning and consider alternative 
explanations (National Science Education Standards). Students shift from “why not” to a more 
engaged “how can” attitude.  
 
HOW CREATING ART AND STORIES SERVE AS COMMUNICATION TOOLS FOR 
CHILDREN TO SHARE THEIR IDEAS 
 
There are limited research studies on children communicating their knowledge about 
rivers with drawings (Dove; Galani; Mackintosh; Vins). Although, the power of drawing for 
children is that it closely represents thought, and it can help make their ideas visible (Brooks, 
2009). A drawing can also express something in the same way that spoken or written words can 
(E. Alerby, 2015). Also drawings are an alternative form of expression for children who have 
difficulty expressing their ideas (Galani, 2014).  
Children’s drawing intentions should be viewed as purposeful where “drawing thus 
becomes a constructive process of thinking in action” (Cox, 2005). Drawing can play a role in 
visualizing science concepts and recording ideas and most young children have a strong desire to 
draw since it can be permanent and tangible (Brooks, 2009). Unfortunately, educators underuse 
drawing as an option for students to learn science (Dove, 1999). When children draw a river, 
research shows they often draw a section of a river or a view as if standing on the river bank 
(Mackintosh, 2005). Children also often color rivers blue. Lynda Barry, winner of the MacArthur 
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Genius award and professor of creativity at University of Wisconsin-Madison, argues that we 
draw before we are taught, and stories appear on their own when kids draw (Alam, 2019).  
Drawings could play a role in empowering children to share their ideas about how to take 
care of rivers in the public sphere. Cockburn argues, “The language and practices of politics and 
policy making tend to be alienating for children, and children’s preferred ways of expressing 
opinions need to be better understood” (Cockburn, 2009). Ozsoy and Ahi argue that children are 
more at ease when drawing (Ozsoy, 2014). Although, students should understand that it doesn’t 
matter how skilled they are at drawing and that the drawings are about expressing their thoughts 
(Einarsdottir, 2009). There can be misinterpretation of drawings’ meanings as the child may have 
had difficulties with the art medium tools or something could be misinterpreted. 
Recently, scholars have been recommending for children to explain their drawings to 
researchers to clarify meaning (C. Caiman, and Britt Jakobson; Rennie; Strommen; Vins).  
Drawings are susceptible to uncertainties and might require some explanation to clarify 
(Gershon, 2001). Drawings combined with a child explaining their drawing will enrich the 
understanding (E. Alerby, 2015). Several scholars included a combination of drawing and 
explaining such as (Dove, 1999) with learning concepts of a river basin, understanding of 
wetlands (Hulland, 1994), understanding the human body (Reiss, 2002) and understanding the 
digestive system (Teixera, 2000). Educators may consider adopting a draw-share-listen to better 
understand young children’s meaning-making in science (C. Caiman, 2015). 
   It is not the drawing, but the process of analyzing and interpreting the meaning of the 
drawing that is significant (E. Alerby, 2015). The meaning of images resides in the ways 
researchers and educators interpret those images (Einarsdottir, 2009). The analysis process is 
attempting to get an overall understanding of the meaning expressed in the drawings as the same 
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methods of formal analysis of images applied to complex iconographic programs of more formal 
art can also be applied to the drawings of children. The process could consist of a.) looking for 
similarities and differences such as in pre- and post- drawings b.) noting patterns c.) creating a 
mind-map to document the interpretations and d.) making inferences about the meaning or 
themes responsible for the patterns identified in the drawings (E. Alerby, U. Bergmark, 2012).  
When children are asked to share their drawings, they are telling a story.  Phillips 
explains, “The term storytelling has many interpretations, and one is an oral art where a teller 
performs a story with a live audience and both teller and listener experience the story together in 
the same place at the same time. Listeners can connect with the characters and accompany the 
teller on the journey of experience that may result in new insight and understandings” (Phillips, 
2010). German philosopher Walter Benjamin claims that storytelling offers a fuller 
understanding versus just providing information and the listener learns about themselves and the 
world with an experience he terms, “Erfahrung or Erscheinung” and it is up to the listener to 
interpret the content of the story (Benjamin, 1936). The work of Egan is also notable in 
supporting storytelling as a meaningful teaching methodology (Kiernan Egan, 1986; 1997, 
2005). 
Teachers could create and utilize web-based story maps to communicate science 
concepts, but scholars argue utilizing them in the classroom is limited (J. M. Blaut; Strachan). 
Esri offers a free platform to easily create engaging story maps with a user-friendly application 
for beginners (Strachan, 2014). Story maps could help tell the story of how a river has changed 
over time and include a bird’s eye view perspective to help children learn a new perspective 
when thinking about rivers. Researchers argue, “The ability to call up precise and rich images is 
a unique feature of our minds and is clearly connected with the development of the imagination” 
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(Judson, 2017). Children begin to understand maps at a very young age. James Morris Blaut, an 
American professor of geography at the University of Illinois at Chicago, showed “preschool 
children have substantial mapping abilities and adding maps may help youth develop spatial 
reasoning” (J. M. Blaut, 1997). In addition, Blaut and researchers argue that “nearly all humans, 
in all cultures, acquire the ability to read and use map-like models in very early childhood, and 
that this ability is a fundamental part of human ecological adaptation that is comparable in many 
ways to tool use” (J. M. Blaut, David Stea, Christopher Spencer and Mark Blades, 2021).  
Scientists should learn the art of storytelling too, although many scientists believe it is 
better to just keep to the facts. Focus for this study includes scientists sharing their research with 
understandable narratives and serving as mentors to youth (Kieran Egan; ElShafie; Hulland; 
Kroeber; Padian). Science communication must be a search for meaning and one of the most 
effective ways to do this is through storytelling (ElShafie, 2018). There are good reasons for 
scientists to tell their stories more effectively, but they may need to “unlearn” how they were 
taught and instead learn to develop an engaging story about their research (Padian, 2018). 
Science educators could help scientists improve their storytelling (Negrete, 2004). Stories are 
easier to comprehend, and audiences find them more engaging than traditional scientific 
communication (Bruner, 1986).  
Scientists that focus on animal protection are harnessing the art of storytelling as 
conservation storytellers. Millie Kerr, a conservation storyteller, argues that if you want to 
connect with the public to inspire action – you need to be able to tell a good story (Kerr, 2016). 
Storytelling could empower youth to share their ideas with adult leaders. Today’s storytelling 
should be interactive and memorable to be told again and engage others (Kroeber, 1992). The 
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bonus would be if scientists share their passion for their research, they could be getting others 
excited about science too (Padian, 2018). 
If children, teachers, and scientists came together and created a strong story about rivers 
challenged with marine debris – it could be powerful, but adults need to be willing to include 
children. Cockburn argues that children should be active citizens with adults, and citizenship 
should not be gained by age (Cockburn, 1998). There needs to be a shift to create public spaces 
where children are valued and respected (Phillips, 2010). Habermas argues, “Communicative 
action requires an achieved agreement” and in a platform where opinions are shared, ‘goal 
oriented’ with ‘reasoned argument’ and each takes a position, offers explanation for their view 
and there is ‘feedback’(Habermas, 1991). Hence, communities need to work together. 
 
 HOW VISUALIZATION ACTIVITIES CONNECT YOUTH TO A RIVER 
 
 Envision students being invited to attend a town hall meeting where they share their 
ideas about how to tackle the litter in the river while referring to their drawings. For the drawings 
to be effective – the children need time to think and visualize their ideas. Although there is a 
growing body of research on digital visualization media, there are no studies on education 
strategies that include the Riverology method of children being instructed to close their eyes, 
visualize an idea, and then draw, share, act and reflect. Visualization is key to creativity as it 
helps keep the mind focused on fleshing out ideas or solving problems such as environmental 
challenges. Visualization is also central to learning and should play an important role in science 
education (Gilbert, 2005). Children should be provided opportunities to visualize and then make 
it visible to others by speaking their mind or putting it on paper (Chen, 2004). Today, children 
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are often spending more time with electronic devices where their attention is on imaginary 
worlds. Educators need to incorporate cognitive and inquiry-based tools that may engage the 
imagination (Fettes, 2013).  
To have the confidence and skills to share their ideas with a river community, children 
should be encouraged to learn about the river system and be provided time to be curious and ask 
questions (Mackintosh, 2005). Taking time to think is important and allows students to 
synthesize an experience, make observations, create ideas, or act (Hartsfield, 2013). Children 
need opportunities to think and reflect to give expression to their thoughts with the help of 
drawings and words (E. Alerby, 2000). In cognitive problem-based learning, students process 
knowledge content in a deeper, mindful manner and learn valuable thinking skills as they are 
encouraged to go beyond information (Chen, 2004). They need time to imagine a river 
community that is actively engaged and committed to their river’s health. 
Imagination is a powerful cognitive tool for learning (Judson, 2017). Children’s 
imagination and creativity is a vital part of their meaning-making (C. Caiman, and Britt 
Jakobson, 2019). Root-Bernstein argued that imagination is missing in current science curricula 
and alongside scientific inquiry and learning facts, imagination should be taken seriously (Root-
Bernstein, 1996). Riverology engages children in activities that combine visual art and science to 
learn about their home rivers. The art and science disciplines are related, as imagination, 
emotions, inquiry, and analysis are part of both (Root-Bernstein, 1996). Imagination also has a 
great significance when children create and recommend solutions to a problem (C. Caiman, and 




BARRIERS FOR YOUTH TO PARTICIPATE IN THE PUBLIC SPHERE 
 
A river does not belong to adults only – it is everyone’s responsibility to be good 
stewards of earth’s natural resources. In the United States, almost half of rivers and streams 
are considered to be in poor biological condition and need all ages to help (Chellaney, 2020). 
Although children use public spaces, they are often marginalized in local planning debates 
(Lauwers, 2005). According to German philosopher Habermas, one needs to be engaged in social 
life and the political process and come together to discuss common interests (Habermas, 1974). 
“Children want to be active citizens involved in community projects,” explains Louise Phillips, 
professional storyteller, and early childhood teacher at the University of Queensland. Cultures 
and societies need to reinforce that children should be engaged in decision making about 
environmental issues now and not just prepared for future participation (Phillips, 2010).  
Policy decisions made today could have long lifespans. A transformative shift can be 
cultivated for adults to include youth in problem solving river issues and it is essential for public 
spaces to adapt to a variety of different voices at different levels. Sociologist Tom Cockburn 
argues, students have a powerful voice that can be heartfelt, although children engaged in the 
public sphere are limited and constrained by not permitting their voice (Cockburn, 2007). 
Historians Lauwers and Vanderstede research shows when a community establishes a network of 
people in favor of the interests of children in public spaces and equipped to translate their ideas – 
opportunities for children’s participation becomes achievable (Lauwers, 2005).  
Habermas’s conception of the public sphere and communicative action starts from the 
understanding of deliberative processes where there is an exchange of information, discussions 
about public matters, and opportunities for consensus (Habermas, 1984). In Structural 
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Transformation of the Public Sphere, Habermas refers to the public sphere as Öffentlichkeit and 
spends most of his book describing a specific communicative phenomenon that developed in the 
late 18th century (Habermas, 1991). Habermas is particularly interested in the rise of coffee 
houses and public squares where debate about the best laws and policies could take place 
through letters, books, and debate. We often deny youth the right to sit around the table to help 
make decisions and assume the adult citizens are doing the hard work. 
It is important for youth to participate in the public sphere, so that they have opportunities 
to share their point of view. As a democratic society, if we support inclusion and equal respect 
for all persons, then adults should mentor youth to be engaged citizens and provide spaces for 
youth to participate. Arguments of exclusion include maturity and cognitive ability – but this 
could also be said of adults (Martin, 2018). Children and adults need to work together to make 
changes. Cockburn adds challenges for youth to participate in policy changes include, “a lack of 
interest by policy makers and children’s opinions are often dismissed as trivial or unimportant” 
(Cockburn, 2009).   
Phillips argues the most important work of early childhood education for sustainability is 
negotiating barriers to children’s social, political, and civic access and that educators need to 
work with children to navigate these barriers (Phillips, 2014). This is not about giving youth a 
long list of chores or burdening them with the river’s problems, but instead taking time to 
cultivate empathy, question, and act. Cockburn argues, “Children do not feel that their opinions 
are being listened to” (Cockburn, 2005). Habermas indicates the capacity for a child to 
communicate is fully possible by the ages of five to nine when the process of acquiring language 
is complete (Habermas, 1990). Adults can help ‘translate’ children ‘voices’ (Lauwers, 2005).  
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Educators and scientists should serve as mentors and help students share their opinions 
and present their ideas to decision makers and one way could be children sharing their ideas 
through drawings. Young children easily communicate their ideas through drawing and art can 
stimulate learning and thought about society and our interconnected lives and about the social 
sphere as a whole (S. Bennett, 2018). Cockburn suggests that if children are invited to participate 
“such initiatives must be broadly welcomed, as any opportunity that potentially opens up the 
possibility of dialogue with young citizens can only be beneficial” (Cockburn, 2009). Art can 




















The goals of this research study was to begin to understand if an inquiry-based 
curriculum could be included in a traditional classroom to teach youth about their home 
river’s challenges with marine debris and include visualization (taking time to think and 
imagine), draw, and share with stories. Four questions were addressed including 1.) Why 
should we teach youth about rivers? 2.) How can creating art and stories serve as a 
communication tool for second grade students to share their ideas? 3.) How can 
visualization activities be utilized to connect youth to their local rivers? 4.) What barriers 
do second grade students face on their journey to act and participate in the public sphere?   
 Four distinct methods were deployed in this study: literature review (See Chapter 2), 
archival research, marine debris sampling, and draw-and-explain analysis. Some challenges 
during this study included implementing it during the COVID-19 pandemic. Although an entire 
second grade participated from one school or 27% of the school’s population, quantitative 
studies aim for a minimum of 100 participants. Some scholars recommend including 5-10% of a 
population, but also argue that “it depends” (Delice, 2018). This study represents 1.4% of the 
population of Portsmouth, Virginia’s second grade public school population (Census.gov). It is 
unknown if the participants’ choices were influenced by COVID-19 protocols of isolation, 
wearing masks, disconnection from community settings with large numbers of people, etc. 
Students’ previous knowledge of the river was also not accessed. The teacher and parents were 
asked not to educate or influence the students with information about the Elizabeth River prior to 
the study, but whether that occurred or not is unknown.  
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HISTORICAL MAP ARCHIVAL EXPLORATION 
 
An online archival investigation of Elizabeth River maps was implemented to include in 
the Riverology curriculum, as a teacher resource, and to create story maps. Also, students could 
compare maps over time as seen in fig. 2 below. Archival collections explored included the 
Library of Congress, the Mariners Museum (Newport News, VA), Slover Library (Norfolk, 
Virginia), Old Dominion University (Norfolk, Virginia), National Oceanic and Atmospheric 
Administration Chesapeake Bay Headquarters (Norfolk, Virginia), Corps of Engineers Front 








Fig. 2. 1873 Map of Norfolk and Portsmouth, Virginia. Retrieved from the Library of 
Congress, https://www.loc.gov/item/75696645/.  
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MARINE DEBRIS SAMPLING 
 
For students to see examples of marine debris found in the Elizabeth River during 
Riverology Lesson 2 while sharing the Elizabeth River Story Map, debris was collected at five 
different sites in Norfolk, Virginia near Old Dominion University. Three of the sites are at Old 
Dominion University, Norfolk, Virginia where one of the sites has open water and is void of 
wetlands, another has a large storm drain outfall and one parallels a dog park. Two additional 
Norfolk sites included the Virginia Zoo entrance that has a dense natural wetland and Grandy 
Village Learning Center that has a restored wetland and is considered an epicenter of flooding.  
 
DRAW AND EXPLAIN ANALYSIS  
 
A comparative analysis similar to a quantitative approach used by Strommen (1995) was 
utilized to analyze thirty-six pre- and post- drawings and codes were calculated to render the 
findings (Strommen, 1995). This was combined with a qualitative pre- and post- method where 
students shared stories about their drawings and explained their thoughts to decrease 
misinterpretation (Galani, 2014). This diagnostic method is like using ‘draw and write’ used to 
understand children’s ideas, but for Riverology, the students are not asked to write a story, but 
instead orally explain (McWhirter, 2000). For this study, this draw and explain method was 
accomplished virtually 
This Riverology project was approved by the Institutional Review Board for working 
with youth (See Appendix D). Christopher Academy’s Head Mistress, Mrs. Merriam Terry 
granted permission to perform the research with all the second-grade students. A signed letter 
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was presented to the researcher that included approval for the students’ drawings to be utilized, 
analyzed, and measured (See Appendix E).  
Christopher Academy Second Grade students learned about the Elizabeth River where it 
was geographically positioned, and how it changed over time. They viewed various maps, 
learned how the Elizabeth River is a living and working river, and that all ages can play a role as 
stewards. They learned how to share what they know about the Elizabeth River through 
drawings, how litter is impacting the water quality, wildlife, and habitat.  
Located in Portsmouth, Virginia, Christopher Academy is a preschool through fifth 
grade, independent, nonsectarian school with accreditation by the Virginia Association of 
Independent Schools. The school's mission is they are committed to academic excellence by 
providing an enriching curriculum that cultivates a lifelong love of learning. Students are 
empowered to be independent thinkers and confident leaders prepared to succeed in a dynamic 
world. Second grade students are aged seven to eight years old, and the teacher ratio is 16:1. 
All eighteen, second grade students from Christopher Academy in Portsmouth, Virginia 
participated in this research study. Participants included 28% girls and 72% boys (See Table 4). 




 GENDER                           7 years old                          8 years old                          Total 
Girl 4 1  5 
Boy 5 8 13 
Total 9 9 18 
 
Table 4. Number of Children Distributed by Age and Gender 
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Although the Christopher Academy second grade students were attending school on-site, 
this Riverology research project was presented virtually on the 13th and 21st of April 2021 per 
requirements from the Institutional Review Board for working with youth during the COVID-19 
pandemic. All the students were provided an opportunity to voluntarily participate, and assured 
no one would get mad, be disappointed or in any way pressure them to participate. The parents, 
legal guardians, and students were assured they could stop participating at any time. Information 
packets were distributed to all, and forms signed. The student names were not recorded, and 
drawings were securely stored. 
 
RIVEROLOGY CURRICULUM AND SUPPLIES 
 
A Riverology curriculum was developed and includes ten inquiry-based lessons to inspire 
river stewardship. The students piloted Lesson 2: What Do You Know About Your River? Each 
lesson follows a six-step process that asks students to inquire, visualize, draw, share, act and 
reflect. An inquiry question was created for each lesson along with a list of questions the lesson 
should help answer.  
 Prior to implementing the lesson with the students, supplies were assembled for the 
students to utilize during the virtual classroom presentation. The supplies were put in individual 
recycling bags and the classroom teacher made sure each student received them prior to the 






                                         STUDENT SUPPLIES 
 a small mini globe with a 12-inch circumference 
 a map of the Elizabeth River  
 a satellite map made with Google Maps of their school (Christopher Academy, 
Portsmouth, VA), the Elizabeth River with branches, the river’s cities and a compass rose 
 a sheet of artist paper 
 a brand-new box of assorted oil pastels 
 a document with images of Elizabeth River animals and wetland grasses 
 a recycled plastic bottle filled 1/3 with water and small polystyrene pellets that floated on 
the water’s surface and a small 1-inch metal fish bead that sunk to the bottom  
 a sandwich size ziploc bag with a chunk of polystyrene that students could manipulate to 












Table 5: Student Supplies for Riverology Lesson Two 
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IMPLEMENTING RIVEROLOGY LESSON TWO 
 
 The students completed Lesson 2 over two days with the pre- drawing completed on the 
first day and the post- drawing completed on the second day after viewing the Elizabeth River 




 On 13 April 2021, I met virtually with all eighteen Christopher Academy students during 
their regularly scheduled science class from 1:45pm to 2:30pm. The goal of the first day was for 
the students to complete their pre- drawing and share with me what they were thinking when 
asked the inquiry question. The lesson stopped prior to viewing the Elizabeth River Story Map.  
Step 1 Inquire: Students were asked, “What do you know about the Elizabeth River?”  
Step 2 Visual:  Students were then given a minute and asked to close their eyes and envision 
what they knew or imagined about the Elizabeth River. The students were not provided 
any prompts or descriptive suggestions.  
Step 3 Draw:  Students then completed a pre-drawing of what they were thinking or imagining 
about the Elizabeth River. Students drew their pre- drawing on one side of the paper. This 
was important to be able to compare the two drawings without the students writing their 
names on the paper. They were given fifteen minutes to complete the pre- drawing. The 
students were reminded that the activity was about using art to share what they were 
thinking, imagining, and envisioning and it was not about how well they could draw. 
Students were also told this activity was not for a grade.  
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Step 4 Share:  After fifteen minutes, the students were asked to stop drawing and one at a time 
they shared and explained their drawings. Students were then asked to put their drawings 




The goal of the second day, 21st April 2021, was for the students to complete their post- 
drawings after viewing the Elizabeth River Story Map, analyzing found marine debris items and 
engaging in hands-on activities. Lesson 2 continued and started with Step 4: Share.  
Step 4 Share: Students listened to a presentation while viewing the ArcGIS Elizabeth River Story 
Map and analyzed marine debris found in the Elizabeth River. Unique and commonly 
seen debris items were shown to the students and included single-used plastics, fishing 
line, food and drink containers, straws, and unique items such as a variety of balls of all 
sizes, sunglasses, and a fire extinguisher. Students also viewed maps and learned how the 
river changed over time to accommodate a growing population and working river. 
Students learned how marine debris can impact animals, habitat, and maritime vessels.  
With the plastic water bottle, students learned how some marine debris floats and some 
sinks to the bottom and observed things that are light and float and things that are dense 
sink. They learned the tiny ball shaped pieces of floating polystyrene are used in 
packaging of items and to keep food cold and hot. They observed a small metal fish bead 
that sank to the bottom and learned that it sank because it was dense, and that heavy 
debris can sink to the bottom of rivers. They discussed the lifespan of marine debris and 
how some break down into tiny, small pieces from weather, wear, tear, temperature, and 
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wave action. The students manipulated and broke the chunk of polystyrene that each 
received in a sealed sandwich bag. The students noticed it broke into small pellets or balls 
that float. The students discussed how animals may eat marine debris like the polystyrene 
and that it can be transferred through the food chain. 
All the eighteen second grade students completed a post-drawing of the Elizabeth 
River answering the same inquiry question, “What Do You Know about Your River?” 
After fifteen minutes, the students were asked to stop drawing and one at a time they 
shared and explained their drawings. The drawings were collected by the Christopher 
Academy second grade teacher who also examined to make sure names were not written 
on any of the drawings. (See Table 6 to view the template used to analyze the drawings.) 
Step 5 Act:  Students learned and discussed stewardship actions that may help with the marine 
debris challenges the Elizabeth River is facing. This allowed the students to make 
additional comments and connections about what they drew and why. Stewardship 
actions included cleanups, reducing single-used plastics, restoring wetlands, planting 
trees, educational signage, trash receptacles, policies, and river appreciation.  
Step 6 Reflect: The students were provided a few minutes to think about what they had learned 
and how they could continue to help protect and restore the Elizabeth River. They 
celebrated their achievements by removing the small metal fish in the plastic water bottle 
and attaching it to a string for a necklace. The drawings will be given to adult decision 














 Yes No    
Is the pre- drawing different 
from the post- drawing? 
     
PRE-DRAWING Yes No POST DRAWING Yes No 
In the drawing was the river 
depicted as polluted with 
marine debris? 
  In the drawing was the river 
depicted as polluted with 
marine debris? 
  
In the drawing were wildlife 
harmed due to pollution.  
  In the drawing were wildlife 
harmed due to pollution? 
  
In the drawing were 
stewardship actions or key 
items that help a river with 
marine debris included? 
  In the drawing were 
stewardship actions or key 
items that help a river with 
marine debris included? 
  
• Wetlands   • Wetlands   
• Trash cans   • Trash cans   
• Trees   • Trees   
• Messages or signs   • Messages or signs   
• Celebration   • Celebration   
• Recreation   • Recreation   
Did the drawing include a 
mental map of the river 
looking like a tree limb with 
branches or the river’s shape?  
  Did the drawing include a 
mental map of the river looking 
like a tree limb with branches or 
the river’s shape?  
  
Did the drawing include local 
landmarks (home, school, 
bridges, buses, maritime 
vessels, etc.)? 
  Did the drawing include local 
landmarks (home, school, 
bridges, buses, maritime 
vessels, etc.)? 
  
Table 6: Riverology Lesson 2 Student Drawing Evaluation Form. This is used to evaluate the 






The data of this Riverology study was derived from a comparison of drawings produced 
by empirical material consisting of drawings produced by second grade students collected at 
Christopher Academy in Portsmouth, Virginia during ordinary school activities the 13th and 21st 
of April 2021. All the eighteen second grade students (five girls and thirteen boys) included in 
the study attended school in Portsmouth, Virginia that has a population of 95,000 and is located 
on the western side of the Elizabeth River.  
A total of eighteen second grade students (100%) participated in the drawing study, and 
they were aged seven to eight years old, and each student completed a pre- and post- drawing 
totaling 36 drawings. Students were recruited through an informational packet which was sent 
home with them for review by their parents or legal guardians. Analyzing the drawings by age 
and gender was not a measurable criteria but could be included in future research. The data was 
calculated to note the percentage as a whole sample of eighteen participants and not individually.  
The drawing activities began with the students closing their eyes and imagining what 
they knew about the Elizabeth River. Instead of putting their thoughts into words, they made a 
drawing depicting what came to their minds. The participants were told this was not for a grade 
and that it was not important how skilled they were at drawing. The participants were given 
fifteen minutes to complete their drawings and used oil pastels and artistic paper where one side 
was for the pre- and the other the post- drawing. Once complete, the Christopher Academy 
second grade teacher collected and examined the drawings to ensure there were no names. 
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     The analysis of the drawings included evaluating the meaning of the children’s thoughts 
and noting the differences between the pre- and post- drawings. Analyzing the youth drawings 
was challenging as the seven- and eight-year-old students’ artistic abilities are not well-advanced 
where some of the drawings still depicted objects floating in space. A less formal approach was 
used in this study and the students were told their artist ability was not being evaluated, but 
instead they were to draw what they were thinking. Providing an opportunity for the students to 
explain their drawings was essential in understanding the meanings. An Evaluation Form was 
used to capture the students’ explanations and analyze each drawing according to coded criteria 















Code Brief Definition 
Is the pre-drawing different from the 
post-drawing? 
 
The two drawings are not identical. 
In the drawing was the river depicted 
as polluted with marine debris? 
 
Discolored water (brown, yellow, black, gray, 
orange) with geometric shaped objects that also were 
dark or discolored or objects clarified by student as 
representing pollution and/or marine debris 
In the drawing were wildlife harmed 
due to pollution? 
 
Do animals appear sad, upset, disfigured, trapped, 
missing body parts? 
In the drawing were stewardship 
actions or key items that help a river 
with marine debris included? 
 
Any number of stewardship items that depict an 
improvement or healthier looking river. Items could 
include litter cleanups, volunteers, wetland grasses 
restored and/or healthy, trees being planted or 
saplings, trash bins or receptacles, messages or signs 
that encourage not polluting or encourage 
stewardship, celebration, and appreciation of the river 
with joy being reflected (rainbows, smiles, boating, 
biking, walking, swimming, fishing) 
Were wetlands depicted in the 
drawings? 
Wetland grasses present, shoreline vegetation that 
was void in the pre- drawing, wetland restoration 
 
Were trash cans depicted in the 
drawings? 
 
Trash receptacles, buckets, containers, recycling bins 
Were trees depicted in the drawings? 
 
Increase in trees in the picture or new baby sapling 
trees being planted 
Were signs with messages depicted in 
the drawings? 
 
Symbols or words that may mean toxic, poison, do 
not pollute or recycle 
Was a celebration depicted in the 
drawings? 
 
Parties, smiling faces, rainbows, sunshine, bright 
colors 
Was a form of recreation depicted in 
the drawings? 
 
Walking, boating, biking, swimming, fishing 
Did the drawing include a mental map 
of the river looking like a tree limb 
with branches or the river’s shape? 
 
River has an aerial versus a land view, river has 
branches and has changed shape perspective  
Did the drawing include local 
landmarks?  
 











Results showed an educator could integrate the Riverology curriculum into a traditional 
science class to inspire stewardship and provide youth an opportunity to share their ideas about 
marine debris in their home river through drawings and stories. Prior to sharing information 
about the river with a story map and artifacts, when the students were asked what they knew or 
imagined about the Elizabeth River, 100% drew a river free of marine debris. After learning 
about the Elizabeth River, 83% included marine debris and 17% drew a healthy river with 




Fig. 3. Christopher Academy’s Student Drawings 10, 11 and 12. The pre-drawings are on 
the top row and post-drawings on the bottom row. The pre-drawings show a river with 
animals and a void of marine debris. The post- drawing of image 10 shows a river that now 
has rainbows, wetlands, and wildflowers; image 11 shows animals harmed by marine 









Fig. 4. Christopher Academy’s Student Drawings 7, 8 and 9. The pre-drawings are on the 
top row and post-drawings on the bottom row. Note the additional marine debris in the 
post-drawings along with wetlands and more trees. The children also depicted a mental map 
of the river with branches after viewing maps and images of the river.  
Fig. 5. Christopher Academy’s Student Drawings 4, 5 and 6. The pre-drawings are on the 
top row and post-drawings on the bottom row. Only image 6 included people in the pre-









Fig. 6. Christopher Academy’s Student Drawings 1, 2 and 3. The pre-drawings are on the 
top row and post-drawings on the bottom row. Note the addition of wetlands in image 1 and 
image 2 post-drawings. Explanation is key as in image 3 pre-drawing where the student 
explained the black shape in the upper right corner is a ship, and the brown shading in the 
bottom left corner is pollution on the post-drawing. 
Fig. 7. Christopher Academy’s Student Drawings 13, 14 and 15. The pre-drawings are on 
the top row and post-drawings on the bottom row. Image 15 post-drawing depicts hope for 
a river that is challenged with marine debris.  
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 See Table 8 and 9 for results after the students viewed the Elizabeth River Story Map that 
included maps, aerial images of the river and stewardship actions that would help create healthy 
shorelines that improve water quality and provide habitat for animals. 
• 44% of the participant’s post-drawings included a mental map of the river with branches 
• 56% of the participants included more trees 
• 83% more wetlands (the highest-ranking stewardship action)  
• 67% depicted wildlife that had been harmed or exposed to marine debris 
• 44% drew trash cans 
  The children often chose to use the color black, brown or red to depict marine debris as in 
the image 8 post-drawing (See Fig. 4). Further research could be included to analyze color 
choices and meaning. An unexpected finding was that although students viewed adults and 
children implementing stewardship actions in the Elizabeth River Story Map only one student in 
image 6 included people in the pre-drawing and 0% of the participants included people in the 
post-drawings (See Fig. 5). This requires further research, but possible reasons could be: 
• The inquiry question may need rewording to include the people.  
• Students may draw only based on their experiences and perceptions.  
• The participants had spent a year living with the COVID-19 pandemic protocols of 
social distancing and isolation although their school continued in-session with an option 
for virtual instruction. All the second-grade students were receiving in-class instruction 
but being disconnected from community groups may need to be considered.  
• One participant envisioned animated “minions” cleaning the river, not people or 
themselves. Children not feeling empowered to help should be considered.   
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 An interesting development was one of the students may have drawn an “emotional 
response” after learning the Elizabeth River was polluted with marine debris. Image 17 shows an 
elaborate healthy river system in the pre-drawing, but a chaotic river in the post-drawing (See 
Fig. 8). This is one reason recommending the pre- and post- drawings be on the same sheet of 
paper is essential for noting changes and being able to compare. Psychologist and art therapist, 
Dr. Cathy Malchiodi, shares in her book Understanding Children’s Drawings that drawings have 
been undeniably recognized as one of the most important ways that children express themselves 








Fig. 8. Christopher Academy’s Student Drawings 16, 17 and 18. The pre-drawings are on 
the top row and post-drawings on the bottom row. Image 17 pre-drawing and post-drawing 
may depict an emotional response.   
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Code Brief Definition Yes No   
Is the pre-drawing 
different from the 
post-drawing? 





  Pre- Pre- Post Post 
  Yes No Yes No 
In the drawing was 
the river depicted 
as polluted with 
marine debris? 
Discolored water (brown, yellow, black, gray, 
orange) with geometric shaped objects that also 
were dark or discolored or objects clarified by 
student as representing pollution and/or marine 
debris 
0% 100% 83% 17% 
In the drawing 
were wildlife 
harmed due to 
pollution? 
Do animals appear sad, upset, disfigured, trapped, 
missing body parts 
0% 100% 67% 33% 
In the drawing 
were stewardship 
actions or key items 
that help a river 
with marine debris 
included? 
 
Any number of stewardship items that depict an 
improvement or healthier looking river. Items could 
include litter cleanups, volunteers, wetland grasses 
restored and/or healthy, trees being planted or 
saplings, trash bins or receptacles, messages or 
signs that encourage not polluting or encourage 
stewardship, celebration, and appreciation of the 
river with joy being reflected (rainbows, smiles, 
boating, biking, walking, swimming, fishing) 
0% 100% 89% 11% 
Wetlands Wetland grasses present, shoreline vegetation that 
was void in the pre- drawing, wetland restoration 
 
50% 50% 83% 17% 
Trash cans Trash receptacles, buckets, containers, recycling 
bins 
0% 100% 44% 56% 
Trees 
 
Increase in trees in the picture or new baby sapling 
trees being planted 
61% 39% 56% 44% 
Messages or signs 
 
Symbols or words that may mean toxic, poison, do 
not pollute or recycle 
0% 100% 22% 78% 
Celebration 
 
Parties, smiling faces, rainbows, sunshine, bright 
colors 
6% 94% 11% 89% 
Recreation 
 
Walking, boating, biking, swimming, fishing 11% 89% 6% 94% 
Did the drawing 
include a mental 
map of the river 
looking like a tree 
limb with branches 
or the river’s 
shape? 
River has an aerial versus a postcard land view, 
river has branches and has changed shape 
perspective  
11% 89% 44% 56% 
Did the drawing 
include local 
landmarks?  
Homes, schools, bridges, maritime vessels, 
shipyards, cranes, railroads 
6% 94% 6% 89% 










                           Pre-Drawing Post-Drawing 
What percentage of drawings depicted a 
polluted river with marine debris versus a river 
without marine debris?   
0% 83% 
What percentage of drawings included key 
features representing solutions or stewardship 
that would improve marine debris and litter 
challenges?   
0% 89% 
What percentage of drawings included a 
mental map of the river looking like a tree 
limb with branches?     
11% 44% 
What percentage shows wildlife harmed due to 
pollution?    
0% 67% 
What percentage included landmarks 6% 6% 
What percentage included humans in the 
drawing?   
6% 0% 
What percentage included wetlands? 50% 83% 
What percentage included trash cans? 0% 44% 
What percentage included messages and signs? 0% 22% 
What percentage included a celebration? 6% 11% 
What percentage included recreation?  11% 6% 






CHILDREN DRAWING A RIVER AND CHALLENGES 
 
 Previous research studies suggest that when children think or envision a river, it is often 
in a rural environment (Dove, 1999). The results of this study indicated when the children think 
or visualize the Elizabeth River, they do not think about the industry that surrounds it including  
shipyards, military bases, the coal pier, railroads, stacks of shipping containers and cranes. In 
addition, although the second-grade teacher in this study shared that she will include drawing 
more often in the classroom activities, research shows that educators often do not include it as an 
option for children to better understand science (Dove, 1999). Some educators might debate the 
use of drawing as a tool to document observations since many children use drawings to represent 
their thoughts and emotions (Fox, 2013). Although, Kaatz claims that young children are able to 
understand the differences between scientific and creative drawings (Kaatz, 2008). 
 I do see this Riverology inquiry-based curriculum as a way teachers might engage with 
students about river ecology and civic engagement. There was a drastic increase in the number of 
students who included toxic elements or pollution from the before drawings to the after 
drawings. Children could help find solutions to river pollution, but it may be more likely if they 
feel hopeful about the challenge. Hope is a motivational force that is important to help engage 
people in solving problems as well as increase understanding about an issue like marine debris 
(Li, 2017). By the age of seven to eight, children begin to demonstrate the ability to think ahead 
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with the realization that the future may be something to work towards – but they need hope 
(Hicks, 1995). 
A major limitation in this study was not knowing if all the participants knew what a river 
was or whether they had visited a river. Simplified instruction that includes age-appropriate 
environmental terms should be included. For example, research shows that 9–11-year-old 
children would not understand the term ‘river-basin’ (Dove, 1999). When teaching children 
geography, it should not be all about memorization of words and places (Butt, 2011), but instead 
geography should be about the study of the home of people (Tuan, 1991). Follow up interview 
questions should be considered to better understand the participant’s prior and learned 
knowledge about rivers. Understanding the importance and knowledge of place, culture, 
resources and natural environments is essential for interconnectedness with challenges such as 
marine debris that is a global issue (Golledge, 2002). 
Although this study included the students explaining what they drew, there is a risk of 
missing additional interpretations with a drawing sample. Feedback from others should be 
included to avoid overgeneralization, misinterpretations, and additional findings. Analysis of 
drawings can be complex and including a well-thought-out goal and objective is essential (E. 
Alerby, U. Bergmark, 2012).  
Although the participants’ pre-drawings did not include marine debris in the Elizabeth 
River, it is unknown if they had prior knowledge that the Elizabeth River was polluted or if they 
had a personal experience with it. Perhaps their choice of envisioning the Elizabeth River 
without marine debris was age appropriate – envisioning a world free of responsibilities and 
problems (Kirby, 2003). One possibility could be that they have not been exposed to an adult 
mentoring them about river litter cleanups. Research shows adults mentoring youth about the 
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environment can result in lifelong stewards (Chawla, 1999). Participation with their parents in 
such activities provides children with the opportunity for observation, direct experience and 
parents’ convey a message about the value of the river and taking ownership to protect it 
(Goodnow, 1988). 
 At the beginning of each Riverology lesson, students are asked to close their eyes and 
think, be quiet and imagine. Although in this study the students understood that experiencing 
silence was part of the lesson, there are often mixed messages to students between what the 
“being quiet” objective is – maintaining order or “thinking time” (E. Alerby, 2019). Silence 
should be considered valuable as a teaching strategy for providing space and time for students to 
think, ponder and wonder.  
 Due to the research taking place during COVID-19 pandemic, the students were not able 
to engage in a classroom stewardship project until the end of the school year. The students plan 
to do litter cleanups and the second-grade teacher may utilize NOAA’s Turning the Tide on 
Trash, an interdisciplinary guide on marine debris for grades 1-12 to enhance the stewardship 
action projects. Marine debris is an issue that will require continued attention for generations to 
come (K. Register, 2012).  
  Interviewing the students virtually was challenging, but did work. Providing additional 
time for the students to share their drawings and ideas would be ideal. Storytelling in the 
classroom has the capacity to capture children’s attention and imagination, which suggests it 
might be a powerful teaching strategy in science (Banister, 2001).  
 The goal is for the drawings to be delivered to local decision makers and policy leaders. 
Due to COVID-19, these people are still working from home with a goal to return during 





   The results from this study provide useful information for inquiry-based curriculum 
design for youth to learn about rivers that includes visualization, drawing, sharing, acting and 
reflection. This study has been based on an analysis of pre- and post- drawings produced by 
eighteen, second grade students aged seven to eight years old and about a river polluted with 
marine debris. Researchers argue that children’s drawings are a useful data collection tool as 
they create an environment for children to freely express their ideas and this data supports that 
argument (Ozsoy, 2014).  It was shown that children envisioned the Elizabeth River was healthy 
with animals, trees, and clean water prior to learning about the river’s challenges with marine 
debris and the river being known as one of the most polluted rivers of the Chesapeake Bay. After 
learning how the river had changed over time with a story map and marine debris transformed 
into teaching content, 83% of the children’s post-drawings depicted a polluted Elizabeth River 
with 17% choosing to draw a river of hope with rainbows, sunshine, and wildflowers. These 
results confirm with other research (Dove, 1999). 
Although this was a small sample, the six-step, inquiry-based Riverology lesson did 
achieve the expected results of successfully being incorporated into a traditional science class to 
teach youth about their home river that is challenged with marine debris. This is important 
because if traditional classroom teachers do not endorse informal resources – they will not 
include them. In addition, the activity provided opportunities for the students to close their eyes, 
visualize, draw their thoughts, and voice their ideas through stories. 
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 This study brings into question whether schools are providing activities where the 
children’s thoughts are given attention and how to create a curriculum that includes inquiry, 
visualizing, drawing, sharing, action, and reflection. The Riverology curriculum has not been 
published or piloted with all age levels and implementing the ten lessons with a variety of ages is 
recommended along with testing the activities in-person and virtually.  
Children could have difficulties understanding environmental challenges and educators 
should seek ways to empower youth to play a role with age-appropriate stewardship. Cockburn 
argues that youth experience more confidence in making shared decisions with adults and that 
projects exist that touch young people’s lives already and embed a decision-making process 
(Cockburn, 1998). Phillips argues that educators can work with children on their ideas to act and 
that one way to talk about sustainability is through story. Cockburn argues, “If children’s 
citizenship is to become meaningful it must firstly be located in a radically pluralistic public 
arena and respect for differences must be maintained” (Cockburn, 2005). Scientists could serve 
as mentors to inspire, inform, and engage youth to share their ideas with policy makers with their 
drawings about Elizabeth River marine debris. Youth have a powerful voice and as doors open 
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• Blue Marble: “NASA content - images, audio, video, and computer files used in the 
rendition of 3-dimensional models, such as texture maps and polygon data in any format - 
generally are not subject to copyright in the United States. You may use this material for 
educational or informational purposes, including photo collections, textbooks, public 
exhibits, computer graphical simulations and Internet Web pages. This general 
permission extends to personal Web pages. News outlets, schools, and text-book authors 
may use NASA content without needing explicit permission, subject to compliance with 
these guidelines.” https://www.nasa.gov/multimedia/guidelines/index.html. Accessed 30 
April 2021.  
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